The relationship of AC breakdown performance and water tree has been reported. This time, using aged XLPE cables with some protrusion on the outer semiconductor layer, we evaluated the relationship of water tree growth and impulse breakdown performance. As a result, In case of XLPE cables without waterproof layer, it was confirmed that the impulse breakdown performance decreased because of water tree, and we got possibility the impulse breakdown performance depended on the progress of water tree growth. In addition, it might decrease to the around LIWV. On the other hand, in case of XLPE cables with waterproof layer, though water tree progressed slowly, the impulse breakdown performance was maintained for a long time. In other words, the effect of waterproof was proved. Even if XLPE cables with waterproof layer have big protrusion, most of water tree started from the protrusion does not grow up. But, if water tree grows up, it may largely reduce the impulse breakdown performance of XLPE cables with waterproof layer. Keywords: two step topology optimization, topology optimization, density method, finite element method
The topology optimizations which optimize a material arrangement on an element, without extracting feature quantity, are attractive methods, because we can obtain a free idea of the initial design of magnetic devices. However, in actual design processes, all of the required features of the products cannot be included objective functions, such as ease of manufacture or influence of rise in heat. Moreover, the multiple-purpose optimizations concerning many kinds of physical phenomena have difficulty with calculation time. Thus, it is necessary to estimate whether the obtained optimal solution under the limited condition is applicable to an actual designing of magnetic devices. This paper introduces two-step topology optimization method using the constraints on the similarity of the topology, which provides us various topologies including suboptimal solutions. By using the proposed method, we can determine some actual applicable solutions out of obtained solutions. The proposed method was verified by applying it to the C-core problem and the magnetic shield problem, which demonstrated the effectiveness of the proposed method. In recent years, residential solar power systems have been increasingly introduced at a rapid pace. To date, lightning surge currents have been considered to intrude into houses via four kinds of routes, power lines, communication wires, antenna wires, and ground wires. However, if a residential solar power system is installed in a house, an additional lightning surge current will eventually come from the residential solar power system.
On the other hand, it is thought likely that more electronic watthour meters, or so-called smart meters, will be installed in future. Since electronic watt-hour meters may potentially be more vulnerable to lightning compared to conventional mechanical watt-hour meters, more attention must be paid to the influence of lightning on electronic watt-hour meters.
In this paper, lightning impulse tests were conducted for houses where a solar power system was installed. To study the influence of lightning on an electronic watt-hour meter, it is crucial to clarify the condition of the lightning surge current flowing from a residential solar power system hit by a lightning stroke. During these tests, the propagation condition of the lightning surge current flowing from the residential solar power system through the distribution line and the watt-hour meter was studied.
In this paper, 3 types of lightning impulse tests were conducted with the lightning impulse application points changed, respectively. A lightning impulse was applied to the frame of solar panel in Test Case 1, to the outer case of the connection box in Test Case 2, and to the DC line of the solar power system in Test Case 3. In each of these cases, lightning impulse tests were conducted under conditions which differed in terms of the grounding connection method and the availability of the SPD for switch board.
In this paper, the following were concluded based on these test results:
( 1 ) Based on the test results, it was clarified that, due to a lightning stroke to the residential solar power system, lightning surge current was very likely to flow into the distribution line via the watt-hour meter (See Fig. 1 and Table 1 ). Since the grounding resistance of a house is generally lower than that of the distribution line, the lightning surge current can easily pass the house and flow into the distribution line.
( 2 ) It was clarified that, depending on the lightning protection method for the residential solar power system, lightning surge current might possibly flow into the house and the distribution line even though the grounding of the residential solar power system was separated from that of the house (See Fig. 1 ).
( 3 ) It was also clarified that, since the lightning protection circuit of the residential solar power system was not cooperated with the SPD for switch board or household electrical appliances in some cases, the lightning surge current might sometimes flow inside the house via the residential solar power system, even if all grounding in the house were connected and the SPD for switch board was used. Table 1 . Peak current at measurement points (Test 1: Injection to the frame of solar panel)
